Objective We aimed to define the clinical features of liver dysfunction in patients with systemic lupus erythematosus (SLE). Methods The frequency and causes of liver dysfunction were examined in 206 patients with SLE. Results Liver dysfunction was evident in 123 (59.7%) of the 206 patients. Liver dysfunction in patients with SLE can be drug-induced (30.9%) or caused by SLE itself (28.5%), fatty liver (17.9%), autoimmune hepatitis (AIH) (4.9%), primary biliary cirrhosis (2.4%), cholangitis (1.6%), alcohol (1.6%) or viral hepatitis (0.8%), and it tends to be mild except when caused by AIH. Values for aminotransferase were significantly increased when AIH was the cause, whereas alkaline phosphatase (ALP) and γ-glutamyl transpeptidase (γ-GTP) were significantly increased when AIH or drugs were the cause. The liver was already dysfunctional at the time of SLE onset in 56 (45.5%) of 123 patients with liver dysfunction. Neurological involvement was more common among patients with than without liver dysfunction, whereas SLE activity and prognosis did not significantly differ between the two groups. Conclusion Liver dysfunction in the presence of SLE can be caused by many factors, but when extant at the time of SLE onset, either SLE itself or drugs can be the cause. Autoimmune hepatitis should be considered when liver dysfunction is relatively severe.
Introduction
Systemic lupus erythematosus (SLE) affects several organs, including the liver (1) . Not only SLE itself, but also other factors such as drug toxicity, fatty infiltration and overlapping autoimmune liver disease can cause liver dysfunction (2-7). Although SLE is systemic, specific organs tend to become affected and liver dysfunction is frequently associated with specific issues (2-7). For example, liver dysfunction in the presence of SLE is difficult to distinguish from autoimmune hepatitis (AIH) because the laboratory findings are similar. In addition, patients with SLE are often treated with corticosteroids and immunosuppressive drugs. characteristics of the patients. Systemic lupus erythematosus was diagnosed based on the criteria described by the American College of Rheumatology (8) .
Study protocols
Liver dysfunction was defined as elevated serum levels of alanine aspartate aminotransferase (AST) (normal, <32 IU/ L), alanine aminotransferase (ALT) (normal, <42 IU/L) or alkaline phosphatase (ALP) (normal, <359 IU/L) as well as γ-glutamyl transpeptidase (γ-GTP) (normal, <48 IU/L). Patients were classified as having liver dysfunction when levels of at least two of these enzymes were outside the normal range. Patients were categorized according to clinical diagnosis. Drug-induced liver damage was indicated by Japanese diagnostic scores above 5 (9) . Structural abnormalities and fatty liver were evaluated by ultrasonography and computed tomography, and viral markers, hepatitis B surface antigen and hepatitis C antibody, were screened. Fatty liver induced by corticosteroid therapy was classified as fatty liver. Diagnoses of AIH and primary biliary cirrhosis (PBC) were based on the criteria provided by Alvarez and Berg (10) and Sasaki et al. (11) , respectively. Liver dysfunction without any obvious cause other than SLE, or that which improved in parallel with recovery from SLE, was classified as liver disease associated with SLE. The liver was histologically assessed to differentially diagnose AIH and SLE-associated hepatitis. Liver dysfunction with positive anti-ribosomal P antibody or temporarily elevated serum aminotransferase was classified as liver dysfunction associated with SLE without histological assessment. If liver dysfunction was caused by more than factor, the main cause was defined according to laboratory and clinical findings including the clinical course. Liver dysfunction that was not examined or otherwise remained obscure was classified as "unknown". The timing of liver dysfunction was compared by cause.
The initial diagnosis of SLE was defined as "SLE onset". White blood cell (WBC) counts, as well as values for CH50 and anti-double-stranded (ds) DNA antibodies were compared between patients with and without liver dysfunction at the onset of SLE. Some sera were assessed for reactivity against recombinant ribosomal P0 using ELISA kits (MBL Co., Ltd., Nagoya, Japan) according to the manufacturer's instructions. Liver samples from 25 patients with liver dysfunction were histologically evaluated. Clinical features and prognoses were compared between patients with and without liver dysfunction. Continuous variables are expressed as means ± standard deviation (SD) and non-parametric values are shown as medians. Values of p<0.05 were considered to be statistically significant.
Results

Incidence of liver dysfunction in SLE and causes of liver dysfunction (Tables 1, 2)
Liver dysfunction was evident in 123 (59.7%) of 206 patients (28 (76%) of 37 males and 95 (56%) of 169 females) with SLE and the rate was significantly higher in males. The causes of liver dysfunction in patients with SLE were multifactorial and due to drug-induced liver damage (30.9%), SLE itself (28.5%), fatty liver (17.9%), autoimmune hepatitis (4.9%), PBC (2.4%), cholangitis (1.6%), alcohol (1.6%) and viral hepatitis (0.8%). The major causative agent of drug-induced liver dysfunction was antibiotics and the main causes of liver dysfunction in females and males were SLE (30.2%) and drugs (39.3%), respectively.
Timing of liver dysfunction (Fig. 1)
Liver dysfunction was extant at the onset of SLE in 56 (45.5%) of 123 patients and developed largely at the onset of SLE in 28 (80%) of 35. Fatty liver developed in 16 (72.7%) of 22 patients after the onset of SLE. Drug-induced liver dysfunction developed essentially at the time of onset and during the course of SLE. (Table 2) Liver dysfunction in patients with SLE was usually mild. However, the degree was determined by the cause. Levels of AST and ALT were highest in patients with AIH. Conversely, ALP and γ-GTP levels were highest in patients with AIH and drug-induced liver damage. Both the liver (AST or ALT) and the biliary (γ-GTP or ALP) enzymes were elevated in 98 (79.7%) of 123 patients. Either liver or biliary enzymes were elevated in 24 (19.5%) and 1 (0.8%) of 123 patients, respectively. The proportion of patients with only elevated liver enzymes was significantly lower in patients with liver dysfunction induced by drugs (5.4%) than by SLE (28.6%) or fatty liver (36.4%). The patient with only elevated biliary enzymes had PBC. Relationship between liver dysfunction and SLE activity (Table 3) Numbers of WBC, levels of CH50, anti-dsDNA antibody titers at SLE onset and SLEDAI did not significantly differ between patients with and without liver dysfunction.
Degree of liver dysfunction in SLE
Table 2. Causes and Degrees of Liver Dysfunction
Cause n % AST (IU/L) ALT (IU/L) ALP (IU/L) -GTP (IU/L)
Differential diagnosis of AIH-SLE overlap and SLEinduced liver dysfunction
Levels of AST and ALT were significantly higher in patients with AIH-SLE overlap than in those with SLEinduced liver dysfunction ( Table 2) . We obtained liver biopsies from 25 patients and classified the causes of liver dysfunction as SLE (16), AIH (6) and PBC (3). Histological assessment of liver biopsies showed that liver dysfunction was caused by SLE in 14 (87.5%) of 16 patients with nonspecific reactive hepatitis and in two with acute hepatitis. All patients with AIH-SLE overlap and 2 (33.3%) of 6 with cirrhosis had interface hepatitis. Anti-ribosomal P antibody was positive in 11 (64.7%) of 17 patients with liver dysfunction caused by SLE and in 2 (33.3%) of 6 with AIH-SLE overlap. Titers of anti-ribosomal P antibodies did not significantly correlate with levels of AST, ALT, ALP and γ-GTP. (Fig. 2) .
Incidence of liver dysfunction and other symptoms in patients with SLE
We compared the clinical characteristics between SLE in patients with and without liver dysfunction. The incidence of nervous system involvement was significantly higher in patients with than without liver dysfunction. However, the incidence of exanthema, oral aphthae, photosensitivity, glomerulonephritis and hematological, musculoskeletal, or cardio-pulmonary involvement did not significantly differ between the two groups. The incidence of nervous system involvement was significantly higher in patients with liver dysfunction caused by SLE than in those without liver dysfunction (data not shown). (Fig. 3) Survival rates did not significantly differ between the patients with and without liver dysfunction. Although a few patients had end-stage liver disease with portal hypertension and cirrhosis, none of the patients died due to liver failure. The main cause of death was infection or cancer.
Survival rates of SLE patients with or without liver dysfunction
Discussion
The reported incidence of liver dysfunction in patients with SLE ranges from 8.7% to 60% (2-7). We classified liver dysfunction based on a relatively lenient definition be- cause it is often masked by the immunosuppressive agents that are used to treat SLE. Therefore, we identified a higher incidence of liver dysfunction in patients with SLE than was previously thought. Although many factors can cause liver dysfunction, the timing of its onset or clinical course could provide useful information to help identify the cause. For example, fatty liver develops when SLE activity stabilizes under corticosteroid therapy. None of our patients developed liver dysfunction due to non-alcoholic steatohepatitis (NASH). However, the liver should be histologically assessed since corticosteroids can induce NASH. Liver dysfunction at the time of SLE onset is due to the SLE itself or drugs; thus, a history of drug administration must be determined.
The mechanisms of organ damage caused by SLE are complement deposition and vasculitis (12) (13) (14) . In fact, previous reports have described vasculitis in liver specimens (15, 16) . However, histological findings of the liver in patients with lupus hepatitis vary and the mechanisms of liver dysfunction remain unclear. Non-specific reactive hepatitis was the primary histological finding in this present study.
The degree of liver dysfunction was essentially mild, except when caused by AIH or viruses. De novo HBV has recently become a serious cause of liver dysfunction in patients undergoing chemotherapy or immunosuppressive therapy (17) . Fulminant hepatic failure due to de novo HBV is lethal (18) . Thus, patients with SLE should be tested for HBV to prevent fulminant liver failure, and HBV core as well as HBV surface antibodies must be assessed in patients who are HBV antigen-negative. Moreover, antiviral drugs should be administered according to the guidelines when HBV is confirmed (19) .
Liver dysfunction caused by AIH in the present study was associated with relatively high levels of AST, ALT and ALP. Patients with AIH sometimes progress to fulminant hepatic failure (20) and thus a differential diagnosis between AIH and lupus hepatitis is important. Nonetheless, immunosuppressive therapy makes more difficult the differential diagnosis. Anti-ribosomal P antibody is not only a marker of central nervous system (CNS) lupus, but also of lupus hepatitis (21) (22) (23) (24) . We found a higher positive rate of antiribosomal P antibody in patients with liver dysfunction caused by SLE. However, some patients with AIH-SLE overlap or AIH alone were also positive, and therefore a histological assessment of the liver is essential for differentially diagnosing AIH and SLE-associated hepatitis. We cannot deny the possibility without histological examination that SLE-associated hepatitis might have been AIH in the present study. If liver dysfunction persists, a liver biopsy should be assessed to differentially diagnose not only AIH and SLEassociated hepatitis but also other causes.
Many organs are affected by SLE and the features of liver dysfunction and other effects of SLE have not yet been clarified. The present study found a significantly higher incidence of nervous system involvement in patients with liver dysfunction, mostly caused by drugs (22.9%) and SLE itself (20.0%). Disorders of the nervous system, especially those of the CNS, are serious and complex and require treatment with several drugs. Mechanisms other than vasculitis might be associated with CNS lupus and lupus hepatitis because anti-ribosomal P antibody is a common marker of both (25) . Moreover, the absence of a correlation between SLE activity and the development of liver dysfunction at SLE onset might support the above notion.
Almost all patients in the present study with SLE were treated with corticosteroids and their liver dysfunction improved. Patients with PBC were treated with ursodeoxycholic acid in addition to the corticosteroid. The causative drug was stopped when liver dysfunction was drug-induced. Patients with fatty liver were treated with diet and exercise. Survival rates did not significantly differ between patients with and without liver dysfunction. Therefore, although liver dysfunction in most patients with SLE does not require specific treatment, the cause of the dysfunction should be investigated to avoid overlooking factors such as AIH or de novo HBV that could lead to fatal liver failure.
In conclusion, liver dysfunction in patients with SLE is associated with specific tendencies that could indicate cause.
